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3 Tesla: Disadvantages3 Tesla: Disadvantages
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Why?

Needs to compete favorably with cardiac MRI 
at 1.5T
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Cardiac Cine MRI at 1.5T
*Breath-hold Segmented SSFP Cine

Cardiac Cine MRI at 1.5T
*Breath-hold Segmented SSFP Cine

* Carr JC, et al. Radiology 
2001;219:828-834.

Segmented TrueFISP Cine:  1.5T

General Trends at 3.0T vs 1.5TGeneral Trends at 3.0T vs 1.5T
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Increased SARIncreased SAR

Limits flip angles and minimum TR 
for high-performance sequences

SSFP cine

Spin echo train imaging

CEMRA

Increased SNRIncreased SNR

Potential benefits for techniques 
which have borderline SNR

Perfusion imaging

Viability imaging with delayed 
enhancement

Coronary imaging

B1 InhomogeneityB1 Inhomogeneity

Shading in some regions

Inhomogeneous contrast in some 
regions

May make calibration of RF 
transmitter voltages difficult –
varying flip angles within body 
regions
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B1-InhomogeneityB1-Inhomogeneity

Increased sensitivity to flow-induced noise on ECG 
trace can make gating more problematic

Magneto-hydrodynamic effectMagneto-hydrodynamic effect

Cine MRI at 3.0T vs 1.5TCine MRI at 3.0T vs 1.5T

SSFP now the standard at 1.5T

TrueFISP

FIESTA

Balanced FFE

At 3.0T, SSFP cine is challenging
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Cine MRI at 3.0T vs 1.5TCine MRI at 3.0T vs 1.5T

Ideal conditions for TrueFISP cine

TR as short as possible

Flip angle high and uniform

Very homogeneous magnetic field

At 3.0T, all of these conditions are violated 
due to a combination of SAR, patient-
induced susceptibility gradients and 
dielectric resonance effects

3T Functional Cardiac Imaging
SSFP cine: off-resonance artifact

α = 30 degα = 50 deg

SAR-Limitations:
Effects on TrueFISP cine

SAR-Limitations:
Effects on TrueFISP cine

lower CNR
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Dark-blood Imaging @ 3T: long „TR“Dark-blood Imaging @ 3T: long „TR“

db-HASTE db - TSE

Cardiac Function @ 3TCardiac Function @ 3T

FLASH, 20°TrueFISP, 40°

• Use longer RF pulses than at 1.5T
• flip angle around 30° - 40° (less signal and contrast)

Cardiac TrueFISP imaging at 3TCardiac TrueFISP imaging at 3T

8-channel cardiac array coil

with PAT x2 
TA 8 sec
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Parallel Imaging @ 3TParallel Imaging @ 3T

15 sec 8 sec
with iPAT x2without  iPAT

TrueFISP short axis  

Temporal resolution 25 msec
Matrix: 256x256

Cine TrueFISP   
iPAT x2
4 slices in 12 sec 
3.5 x 2.8 x 8 mm

Temporal resolution = 25 ms

Cardiac Function @ 3TCardiac Function @ 3T

TaggingTagging

Longer T1 @ 3T keeps tags visible longer
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Functional MRI @ 3T
(LVH)

Functional MRI @ 3T
(LVH)

TrueFISP cine grid tagging

But: With TrueFISP Cardiac Tagging at 1.5TBut: With TrueFISP Cardiac Tagging at 1.5T

1.0mm x 1.5mm x 6 mm voxels
30 msec temporal resolution

7 second acquisition

Better persistance of 
tags than with  SGRE

Cardiac Function @ 3TCardiac Function @ 3T

Cine TrueFISP

courtesy of Dr. Miller, University of Tuebingen
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Cardiac Function @ 3TCardiac Function @ 3T

Cine TrueFISP

courtesy of Dr. Miller, University of Tuebingen

Current status of Cine MRI at 3.0T vs 1.5TCurrent status of Cine MRI at 3.0T vs 1.5T

SSFP cine at 3.0T is more sensitive to 
off-resonance effects than at 1.5T

Can be ‘managed’ by attention to shim 
status and by adjusting frequency 
offsets on a slice-orientation basis

In an individual case, may work; or may 
not

Contrast Enhancement in InfarctionContrast Enhancement in Infarction

Ex-vivo comparison of TTC and 
Gd-enhanced MRI in infarcted myocardium

TTC MRI

courtesy of Dr. R. Judd, Northwestern University, Chicago
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Evaluation of Viability and Myocardial Perfusion
with IV contrast

Note: Gd is not FDA approved for cardiac imaging

Evaluation of Viability and Myocardial Perfusion
with IV contrast

Note: Gd is not FDA approved for cardiac imaging

time

Normal Myocardium
Infarcted Myocardium

Ischemic but
Viable Myocardium

First-Pass Delayed 
Enhancement

Gadolinium
contrast
injection

Left Circumflex distribution infarction: 1.5TLeft Circumflex distribution infarction: 1.5T

Segmented TrueFISP: Cine and Viability @ 1.5T
Non-Ischemic Cardiomyopathy

Segmented TrueFISP: Cine and Viability @ 1.5T
Non-Ischemic Cardiomyopathy

IR TrueFISP: 64 lines / heart beat



12
ISMRM 2006

Viability @ 3T

IR single shot TrueFISP
Courtesy of Dr Regenfuss, University of Erlangen

Viability & Function @ 3TViability & Function @ 3T

IR single shot
TrueFISP

Cine TrueFISP

Viability & Function @ 3TViability & Function @ 3T

IR TurboFLASH

Cine TrueFISP

courtesy of Dr. Miller, University of Tuebingen



13
ISMRM 2006

Lt Cx Infarction: 1.5TLt Cx Infarction: 1.5T

Lt Cx Infarction cine: 3.0T vs 1.5TLt Cx Infarction cine: 3.0T vs 1.5T

Lt Cx Infarction: ViabilityLt Cx Infarction: Viability

3.0T
VS

1.5T
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Perfusion @ 3TPerfusion @ 3T

SR single shot 
Turboflash
First pass
iPAT x2
4 slices/heartbeat

Courtesy of Dr Regenfuss, University of Erlangen

First-Pass Imaging at 3.0T
TurboFLASH + iPAT

First-Pass Imaging at 3.0T
TurboFLASH + iPAT

Optimized Saturation Recovery Pulse for
Reduced B1 Sensitivity

Northwestern University, Chicago

Adenocarcinoma RVOT: 3.0TAdenocarcinoma RVOT: 3.0T
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32 channel Tim Trio:   32 channel Tim Avanto32 channel Tim Trio:   32 channel Tim Avanto

3T 1.5T
45 mT/SR200 45 mT/SR200
50 cm 50 cm
Tim Tim

3T 1.5T
45 mT/SR200 45 mT/SR200
50 cm 50 cm
Tim Tim

Cardiac MRI at 3.0T: Pre-RF AblationCardiac MRI at 3.0T: Pre-RF Ablation

SSFP CINE

Delayed Contrast enhancement Viability 
Imaging

Cardiac MRI at 3.0T: Pre-RF AblationCardiac MRI at 3.0T: Pre-RF Ablation
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Pulmonary Vein Anatomy

500 mm FOV 576 matrix

Cardiac MRI at 3.0T: Pre-RF AblationCardiac MRI at 3.0T: Pre-RF Ablation

Pulmonary Vein Anatomy

500 mm FOV 576 matrix Volume rendering

Cardiac MRI at 3.0T: Pre-RF AblationCardiac MRI at 3.0T: Pre-RF Ablation

Coronary MRA @ 3TCoronary MRA @ 3T

LAD
RCA

Breath-held 3T TrueFISP Coronary MRA

Courtesy Vibhas Deshpande, PhD, UCLA
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Coronary MRA @ 3TCoronary MRA @ 3T

3T TrueFISP Coronary MR Angiography
(breath-hold, 28 heart beats)

UCLA

LAD
LAD

Coronary MRA @ 3T Coronary MRA @ 3T 

TA: 6:27 min
Pixelsize: 0.9 x 0.9 x 1.2 mm

8-channel cardiac array

Active electrode ECG triggering

1D PACE for motion correction

3.0T1.5T

Coronary MRA
Contrast-enhanced FLASH

X. Bi, D. Li.  Northwestern University
Courtesy of Drs X Bi, D Li , Northwestern University, Chicago.
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LMLM

AOAO

LADLAD

0.6 x 0.6 x 3mm voxel size

3T Coronary MRA in-vivo & in humans

3T Coronary MRA: Results
Courtesy Matthias Stuber, PhD. Johns Hopkins University

RCARCA

LVLV
RVRV

AOAO

PAPA LCXLCX

But: Coronary CT Angiography!But: Coronary CT Angiography!

R.F.  3532862

Right Heart FailureRight Heart Failure
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TIM Trio: Thorax - dissection

TIM Trio: Thorax - dissection

6ml Gd, 12 measurements each 1.7 s apart
21 s breath hold:   iPAT x 3

Rest (R)
Stress + 

Stenosis (SS) SS - R

Myocardial BOLD Imaging at 3TMyocardial BOLD Imaging at 3T

Shea, D Li.  Northwestern University, Chicago, Illinois.

Dog with LCx stenosis 
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Promising results for cardiac MR @ 3T.
Limitations for SSFP cine
The increased SNR is advantageous for 
viability imaging, dynamic angiography and 
perfusion imaging.

Areas to be addressed
protocols and sequence design with 
reduced SAR, reduced B1 sensitivity
Contrast agents?

SummarySummary

3T Functional Cardiac Imaging

Gadomer, pig study. Schering AG, Inc.

3T Functional Cardiac Imaging

Gadomer, pig study. Schering AG, Inc.
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3T Functional Cardiac Imaging

3T Functional Cardiac Imaging

3T Functional Cardiac Imaging
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Thank you


	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Monday, 8 May 2006
	Hot Topics in Clinical Practice: Neuro Imaging and Body Imaging ~ 11:00 to 13:00 ~ Room 6E
	Molecular Imaging with Cell Tracking in the CNS
	Automated Change Detection in Serial Imaging Studies of the Brain
	Cutting-Edge Imaging of the Spine
	Hot Body MRI: Beyond Anatomy Towards Tissue Function
	Hot Topics in Europe: Whole Body MRI
	Hot New MRA Techniques

	Body MR Problem Solving ~ 11:00 to 13:00 ~ Room 6C
	The Hepatitis C Patient: Early Diagnosis of Cirrhosis and HCC
	Problem Solving with Breast MR

	SMRT and ISMRM Joint Forum: Imaging of the Mother, Fetus and Newborn  ~ 14:00 to 16:00 ~ Room 6D
	Technical Aspects of Scanning the Pregnant Mother: A Technologist's Overview and Perspective ~ No Syllabus Contribution Submitted
	Fetal MR - Including the CNS
	Imaging the Neonatal Brain: Specific Pathologies - Specific Imaging Protocols
	Imaging the Pediatric Patient: Specific Pathologies - Specific Imaging Protocols

	Grant Writing: Opportunities, Needs and Strategies ~ 14:00 to 16:00 ~ Room 6C
	Grants - A Strategic Perspective from a Funding Agency Point of View: Requirements and Expectations
	Grantsmanship: The Essentials ~ No Syllabus Contribution Submitted
	Grants - An Outcome Perspective: Looking Back from a Scientific Publication to Grant Funding - Lessons to be Learned

	MR Physics for Clinicians ~ 16:30 to 18:30 ~ Room 6C
	Spin Gymnastics I
	Spin Gymnastics II ~ No Syllabus Contribution Submitted
	MRI Hardware


	================
	Tuesday, 9 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	High Field Imaging: A Technical Perspective
	High Field Body Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Body & Peripheral MRA
	Non-Contrast MRA
	Coronary MRA

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	What Can Quantitative DCE T1-Weighted MR Imaging Tell Us?
	Grading, Therapy Monitoring, and Predicting Outcome of Glioma

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	MRI Main Field Magnets
	Shim Coil Design, Limitations and Implications

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Impediments to High Field MR - A Look at B0 and B1 Field Behavior
	How to Do RF at High Fields

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Biomechanics of Femoral Acetabular Impingement
	MR Imaging of Femoral Acetabular Impingement

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Latest Advances in Arterial Spin Labeling
	Measuring Oxygen Consumption Using MRI: What Can and Cannot be Done

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Techniques for MR Imaging Near Metallic Implants
	Prospects of Absolute B1 Calibration

	Body/Cardiovascular Imaging at 3T ~ 10:30 to 12:30 ~ Room 6C
	Introduction to Body Imaging at 3T: Theoretical Advantages and Practical Challenges
	Musculoskeletal Imaging at 3T
	Abdominal and Pelvic Imaging at 3T
	Cardiovascular Imaging at 3T
	Body and Breast at 3T: Where is the Added Value Compared to 1.5T

	Neuro MR Problem Solving ~ 10:30 to 12:30 ~ Room 6D
	How To Use Parallel Imaging Techniques To Improve the Efficiency of Clinical CNS Imaging Protocols
	MR Angiography of the Carotids and Circle-of-Willis: Technical and Clinical Dilemmas

	MR Neurography for MSK Radiologists ~ 13:30 to 15:30 ~ Room 6C
	MR Neurography - Imaging Peripheral Nerves
	The Role of MRI in the Diagnosis and Treatment of Peripheral Nerve

	MR Physics for Clinicians ~ 16:00 to 18:00 ~ Room 6C
	Spin Echo 
	Gradient Echo 
	Fast Spin Echo 


	================
	Wednesday, 10 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Coils, Receivers and Parallel Imaging: A Technical Perspective
	Parallel Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRA at 3.0T
	Cardiac MRI at 3.0T
	Cardiovascular Parallel Imaging at 3.0T

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion Tensor Imaging of Traumatic Brain Injury
	Clinical Output of DTI Measurements in Multiple Sclerosis

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Array Systems
	Receivers System

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	High Resolution Imaging: Why Is It Important for T1 Weighted Imaging, MRA and SWI?
	Parallel Excitation: Making SENSE of High-Field Body MRI

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Evaluation of Cartilage Maturation
	MR Imaging of Cartilage in the Pediatric Patient

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Quantification Issues in Bolus-Tracking Perfusion MRI
	Steady-State and First-Pass Contrast Agent Methods to Evaluate CBV, Vascular Morphology and Permeability

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Cytoarchitectonic MRI: Can MRI Be Used to Quantify Neural Tissue?
	Tissue Structure through Diffusion and Transverse Relaxation Measurements
	Unresolved Issues in Diffusion and Perfusion MRI: A Consensus from the Study Group

	Cardiovascular Imaging ~ 11:00 - 13:00 ~ Room 6E
	Coronary Whole Heart MRA
	MRA at 3T
	Advances in Delayed Gadolinium MRI of Heart and Vessels ~ No Syllabus Contribution Submitted
	Peripheral MRA: Competing in the MDCT Era

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Imaging Options and Their Effects on SNR
	Ultrafast Imaging
	Field Strength Dependence in MRI-Advantages and Artifacts at 3T


	================
	Thursday, 11 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	DWI in Body Imaging
	PWI in Body Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRI of Global and Regional Myocardial Function
	MRI of Myocardial Perfusion
	MRI of Myocardial Viability

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Functional Connectivity
	Combining fMRI and DTI Applications

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Transmit Arrays Design
	RF Pulse Design for Transmit SENSE

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Advances in Spectral Editing: MRS of Neurotransmitters
	Broadband Decoupling at High Field: Challenges and Solutions

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Functional Cartilage MRI
	Overuse Injuries in Elite Athletes

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Recent Advances to Resolve Multiple Fibers Using Diffusion MRI
	Recent Advances in Fiber Tracking

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Exclusively MRI-Based Molecular Imaging: Can Magnetic Labeling of Physiologically Important Compounds via DNP or Parahydrogen-Induced Hyperpolarization Provide a Potential Supplement or Replacement of PET
	Direct Detection of Neuromodulation
	Development of Static Tracers for Myocardial Perfusion Imaging by MRI

	Stroke Imaging ~ 10:30 to 12:30 ~ Room 6C
	Neuroprotection: Biological Background and MR Implications
	The Current Status of Ongoing Clinical Trials: Beyond 3 Hours
	The Perspective of Pathophysiology - Guided Stroke Therapy
	MR Wish List for Stroke Neurologists: What Are We Missing? ~ No Syllabus Contribution Submitted

	Cardiac Problem Solving: Imaging the Coronary Arteries in 2006 - CT vs. MRCA ~ 16:30 - 18:30 ~ Room 6D
	Can CT Be Reliably Used for Plaque Characterization and Vessel Wall Imaging?
	Advanced MR Coronary Imaging at 3T: Promise or Perils?
	CT vs. MRCA: A Radiologist's Perspective
	Head-to-Head Comparison of CT and MRCA
	Assessing the Myocardium: Ischemia, Prognosis and Viability ~ No Syllabus Contribution Submitted

	Vascular Problem Solving and Case Presentation ~ 13:30 - 15:30 ~ Room 6C
	Vessels of the Neck
	Evaluation of Renal Vascular Disease
	MRA of the Run-Off's: Hands and Feet

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Diffusion MRI
	MR Angiography
	Cardiac MRI


	================
	Friday, 12 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Body MR Spectroscopy
	Fat-Water Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Arrthymogenic Conditions
	Other Cardiomyopathies

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion MRI in the Fetus and Newborn
	Measuring Brain Perfusion in the Pediatric Brain

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	ESR
	Hyperpolarized C13

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Getting BOLDer with High Field fMRI
	Static Magnetic Fields: Bioeffects, Regulation and Management

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Techniques for Stem Cell Trafficking
	Stem Cell Research Opportunities in the Musculoskeletal System

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Voxel-Based Analyses
	Techniques for Measuring Brain Deformation

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Need for a Non-Commercial Open-Source MR Simulator
	Does The Principle Of Reciprocity Hold At High Field MR?

	Therapy Assessment ~ 10:30 to 12:30 ~ Room 6E
	The Needs and Opportunities of Imaging as Bio- or Surrogate Markers - A Strategic Perspective
	Goals for Assessment of Response - A Clinical and Cooperative Trial Structure ~ No Syllabus Contribution Submitted
	Integrating MR Response Information within Trials: A Quality Assurance Perspective
	Using MR to assess Therapeutic Response - An Investigator's Perspective





